Digital tabletops provide an opportunity for automating complex tasks in collaborative domains involving planning and decision-making, such as strategic simulation in command and control. However, when automation leads to modification of the system's state, users may fail to understand how or why the state has changed, resulting in lower situation awareness and incorrect or suboptimal decisions. We present the design of an interactive event timeline that aims to improve situation awareness in tabletop systems that use automation. Our timeline enables exploration and analysis of automated system actions in a collaborative environment. We discuss two factors in the design of the timeline: the ownership of the timeline in multi-user situations and the location of the detailed visual feedback resulting from interaction with the timeline. We use a collaborative digital tabletop board game to illustrate this design concept.
Introduction
As digital tables become widely available, they are being designed to support complex tasks that require complex application behaviours, such as analyzing or simulating potential command and control or disaster management strategies [4, 5] . High levels of automation are often required to extend the physical and cognitive limitations of human operators. Examples of automation include advancing military units and enforcing rules of engagement and combat in a simulation. It is essential that people using such systems have a high level of awareness of the situation and of the potential consequences of any changes occurring in the environment, which is often referred to as their level of situation awareness [2] . However, high levels of automation can leave people "out of the loop", where they do not understand how the system has changed, or why those changes occurred [1] . This can leave users unable to respond appropriately to critical system events. The problem of situation awareness has been observed in both traditional [2] and tabletop interfaces [8] . Tabletops both require and afford powerful solutions to this problem through their collaborative directlymanipulated nature.
The aim of this work is to improve situation awareness in a collaborative tabletop environment where actions are automated, so that groups can perceive changes in the system, comprehend them, predict future events, and, ultimately, make optimal decisions. We use strategic tabletop board games as a representative engaging, dynamic task scenario to investigate the effectiveness of potential design solutions. Digital tabletop board games allow us to rapidly prototype and evaluate potential designs. Moreover, this approach simplifies the process of recruiting "expert" users in and around a university campus, as many students play board games on a regular basis. Thus, realistic task behavior is likely to occur during the study, improving the validity of study results. Finally, previous research has shown similar, negative impacts of automation on situation awareness in digital tabletop board games consistent with automation research in other application areas [8] .
Graphical interactive event timelines with the ability to replay past events have been previously shown to reduce response time and improve decision accuracy after interruptions in dynamic environments [6, 7] . In this paper, we propose the use of similar interactive event timelines that support exploration and analysis of game history to improve situation awareness of both automated system actions and actions by players.
As work-in-progress, questions still remain regarding how to best design such an interactive event timeline. In particular, where should the historical event timeline be located and who should control it? In a collaborative photo-tagging task, Morris et al. [3] found that a shared centralized menu widget resulted in higher levels of collaboration, but that individual replicated menus were preferred by users. As our proposed timeline will be used to control the display of historical event data, providing a centralized, shared timeline versus replicated individual times may lead to different user preferences and task performance. Thus, location and ownership will be key design factors investigated in this research.
To contextualize our design concepts, we first describe the digital tabletop board game, called Pandemic 1 , we 1 Published by Z-Man Games, used with permission.
Figure 1:
The Pandemic game requires 3 to 4 players to collaboratively collect a set of cures and save the world from epidemic outbreaks. The players lose if they run out of time (cards they draw from) or when the game state gets out of control (too many diseases or outbreaks).
The game poses many challenges to the player and requires them to make many trade-offs, such as collecting cards that can be traded for cures (to win) vs. playing cards to keep the situation under control (to avoid losing).
Posters
ITS'13, October 6-9, 2013, St. Andrews, UK use as a case study for investigating tabletop automation (see Figure 1) . Next, we describe our timeline design concepts and intended user study. Finally, we conclude and discuss future work.
Pandemic and Automation
Pandemic requires intense discussion and strategy formation as well as resource management. Throughout the game, critical events occur and the game situation becomes more chaotic. Thus, players require high levels of situation awareness to make correct decisions.
The digital version (Figure 2 ) automates the actions of the opponent (corresponding to the physical game board), as well as some complex activities. The automation reduces manual workload to allow players to spend more time discussing their strategies.
Interactive Event Timeline
We present an interactive event timeline, designed to improve players' situation awareness. Players can explore the game history, which consists of players' actions and automation (see Figure 3) . The timeline consists of two main components. The top bar provides a high-level overview of historical game events, while the bottom area shows turn-by-turn game history. The overview bar is used to select the specific turns to display in the detailed turn view.
The overview bar ( Figure 3A ) represents each player's turn, by color, with a symbol showing the key event occurred during that turn. Event symbols are used from the original Pandemic board game ( Figure 3B and 3C). The light grey viewport ( Figure 3D ) can be dragged to change which players' turn details are displayed in the detailed turn view below.
In the turn view, the game history is organized by player turn ( Figure 3E ). The three rows in each turn represent different game phases, making the phases easily distinguishable. Each row contains a series of action blocks ( Figure 3G ) that represent either a player's or an automated action. The colours correspond directly to Pandemic game-specific colour coding, and the symbols correspond to specific event types. Tapping on an action block provides more information. This event feedback can be visualized on the game board or within the timeline itself, as will be discussed below.
Ownership and Location
Two open questions regarding the design of the interactive event timelines relate to who can access the timeline (i.e. timeline ownership) and to where the event feedback should be provided when someone interacts with a timeline action block (feedback location).
Timelines can be shared between players or dedicated to each individual. A shared timeline, whose use must be coordinated among players, may encourage discussion and provide a common reference point while working together. On the other hand, providing dedicated timelines, where each player has their own copy of the timeline, may better support independent work and allow players to investigate strategies separately. Both setups may improve situation awareness, as players can either learn from others through discussion or explore the game history themselves.
The event feedback can be placed on the timeline itself, on the game board area, or in both places. When placed on the timeline, an area adjacent to the turn view will be used to provide the game history. This combines the timeline and event information in one place. For feedback on the game board, the region that corresponds to the selected action block will be highlighted. This setup could easily facilitate player discussion, since it provides a reference point for all players. The feedback can also be placed both on the timeline and on the game board to provide more flexibility.
Planned Study
The next step for this project is to conduct a user study to evaluate the impact of the different timeline design factors on players' situation awareness. The study will consist of two phases. The first phase will use the factors mentioned previously, as summarized in Table 1 . Figure 4 shows the sketches of Conditions 1 to 3, where there is only one timeline shared among all players. Figure 5 shows Conditions 4 to 6, where each player has a dedicated timeline. The location of the event feedback varies between conditions. In the second phase, players will be given a configurable timeline that allows them to replicate the timeline and to select where the event feedback is displayed, as desired. Understanding how players transition between design configurations will help determine player preferences and also the utility of different configurations at different stages of the game for supporting situation awareness. 
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